Aerodynamic benchmarking of the DeepWind design by Bedon, Gabriele et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 20, 2017
Aerodynamic benchmarking of the DeepWind design
Bedon, Gabriele ; Schmidt Paulsen, Uwe; Aagaard Madsen , Helge; Belloni, Federico ; Castelli, Marco
Raciti ; Benini, Ernesto
Publication date:
2014
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Bedon, G., Schmidt Paulsen, U., Aagaard Madsen , H., Belloni, F., Castelli, M. R., & Benini, E. (2014).
Aerodynamic benchmarking of the DeepWind design. Poster session presented at European Wind Energy
Conference & Exhibition 2014, Barcelona, Spain.
The BE-M algorithm considered in the present work is the Double Disk Multiple 
Streamtube developed by Paraschivoiu improving the Single Disk Multiple 
Streamtube model originally proposed by Strickland.  
The main input for this method are the operative conditions, blade geometry and 
airfoil lift and drag coefficients. In the present work, the database provided by 
Jacobs for NACA 0015, NACA 0018 and NACA 0021 and by Bullivant for NACA 
0025 are considered. These database are provided for different Reynolds number 
and angles of attack lower than 30 deg: in order to overcome this limitation, the 
aerodynamic coefficients for higher angles of attack are derived from Sheldahl, 
whose reliability for lower angles of attack is questionable. 
Given the DeepWind rotor size, the validation should be conducted focusing on 
high Reynolds numbers and therefore selecting a big rotor size wind turbine. The 
experimental results for the Magdalen Island 37m wind turbine by Templin are 
considered. The numerical results compared against experimental measures are 
shown in Figure 1. 
The aerodynamic benchmarking for the DeepWind rotor is conducted comparing 
different rotor geometries and solutions and keeping the comparison as fair as 
possible. The objective for the benchmarking is to find the most suitable 
configuration in order to maximize the power production and minimize the blade 
solicitation and the cost of energy.  
Different parameters are considered for the benchmarking study. The DeepWind 
blade is characterized by a shape similar to the Troposkien geometry but 
asymmetric between the top and bottom parts. The blade shape is considered as 
a fixed parameter in the optimization process and, because of different blade 
element radii, it will experience different tip speed ratios in the same operational 
condition. This leads to a complex optimization problem, which must be carefully 
analyzed in order to find a suitable parameter set.  
The number of blades in the analysis is varied from 1 to 4. In order to keep the 
comparison fair among the different configurations, the solidity is kept constant 
and, therefore, the chord length reduced. A second comparison is conducted 
considering different blade profiles belonging to the symmetric NACA airfoil 
family. Finally, a chord optimization along the blade span is conducted, in order to 
find the optimal chord distribution to maximize the energy extraction. 
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Fig. 1: Experimental vs Numerical Performance at 29.4 rpm and 36.6 rpm  
for Magdalen Island 37m vertical axis wind turbine. 
In the present work, the rotor architecture from the DeepWind project is 
considered, Figure 2. The rotor shape was optimized considering inertial and 
gravity forces and is kept constant in the aerodynamic benchmarking. The blade 
shape is shown in Figure 3. The baseline rotor configuration is characterized by 
the parameters reported in Table 1. 
Height 143 m 
Radius 60.5 m 
Airfoil NACA 0018 
Chord 5 m 
Blade number 2 
Solidity 0.165 
Max. rotation speed 6 rpm 
Table 1: Baseline parameters  
for the DeepWind project rotor 
Fig. 2: DeepWind concept 
Fig. 3: DeepWind optimized blade rotor shape 
• Number of blades 
The number of blades is object of the present investigation. The same solidity 
among the different configurations is considered by decreasing the chord size. 
The loads are represented by the thrust CT and lateral force CN coefficients and 
represent a measure of the stress in the tangential and the normal direction, 
shown in Figure 4. 
Fig. 4: Rotor thrust and lateral force coefficients computed by BE-M algorithm  
with respect to the different number of blade 
• Blade airfoil 
Different blade airfoils are tested with respect to the baseline configuration in 
order to find the highest power production and analyze the rotor loads, shown in 
Figure 5. The considered airfoils belong to the symmetric NACA family and their 
choice is limited by the availability of the aerodynamic coefficients. 
Fig. 5: Rotor performance and thrust coefficients computed by BE-M algorithm  
with respect to the different airfoil configurations 
• Chord distribution 
The blade is characterized by a variable radius and every blade section is 
operating at different tip speed ratios. The optimal chord varies along the blade 
span. In order to find the optimal distribution, the simulation algorithm is coupled 
with an optimization algorithm, a genetic code. The chord is varied between 1 m 
and 12 m. The optimal chord distribution and the resulting power curve are 
reported in Figure 6 
Fig. 6: Optimal chord distribution and power curves for the different configurations 
A blade number equal to two or three is equally a good choice with respect to the 
rotor loads. Further reduction in the loads can be obtained by adding one more 
blade. However, this would increase substantially the rotor cost.  
NACA 0015 and NACA 0018 are the two best alternatives from a power production 
point of view. Increasing the airfoil thickness would lead to a sensible decrease in 
the performance, however linked to a decrease in the blade loads. 
A new optimal chord distribution is obtained, providing a sensibly increased power 
production but at the same time a substantial increase in the thrust coefficient. This 
very interesting result represents only the first step for the optimization procedure, 
which will involve additional iterations between the structural and aerodynamic 
analysis. 
